SUMMARY In isolated perfused rabbit mesenteric arteries, prostaglandin (PG) E, and E,, 1-5 ng/ml, did not alter the basal perfasion pressure, but reduced tbe vasoconstrictor responses to sympathetic nerve stimulation; the responses to injected Borepinephrine were reduced by PGE, and TariaMy affected by PGE,. In contrast, in rat mesenteric arteries PGE, and PGE,, 1-5 ng/ml, potentiated the vasoconstrictor responses to nerve stimulation and to injected norepinephrine. In rabbit mesenteric arteries, tbe inhibitor of PG syatbesis, indometfaadn, augmented the responses to sympathetic nerve stimulation and to injected norepinephrine, whereas in rat STIMULATION of adrenergic nerves releases a prostaglandin E-like substance from various tissues.
SUMMARY In isolated perfused rabbit mesenteric arteries, prostaglandin (PG) E, and E,, 1-5 ng/ml, did not alter the basal perfasion pressure, but reduced tbe vasoconstrictor responses to sympathetic nerve stimulation; the responses to injected Borepinephrine were reduced by PGE, and TariaMy affected by PGE,. In contrast, in rat mesenteric arteries PGE, and PGE,, 1-5 ng/ml, potentiated the vasoconstrictor responses to nerve stimulation and to injected norepinephrine. In rabbit mesenteric arteries, tbe inhibitor of PG syatbesis, indometfaadn, augmented the responses to sympathetic nerve stimulation and to injected norepinephrine, whereas in rat STIMULATION of adrenergic nerves releases a prostaglandin E-like substance from various tissues. 11 Administration of prostaglandin (PG) E, or E, inhibits the response of adrenergically innervated tissues to nerve stimulation*"* as a result of diminished output of the adrenergic transmitter.*"" Inhibition of PG synthesis results in decreased output of a PG E-like substance from various tissues'-l 2 " which is associated with an enhanced response to adrenergic nerve stimulation"-"• """ due to increased release of the adrenergic transmitter. 12 " '* On the basis of these observations, it has been proposed that prostaglandins of the E series may function as a physiological braking mechanism which mediates release of the adrenergic transmitter. 10 -" However, Malik and McGiff* have demonstrated that, at least in the kidney, the effect of prostaglandins on adrenergic transmission is species-dependent. Thus, PGE|, PGE,, and the precursor of PGE,, arachidonic acid," inhibited adrenergic transmission in the rabbit kidney, whereas in the rat kidney these agents facilitated neurotransmtssion. Inhibitors of PG synthesis, on the other hand, produced opposite effects in the renal vasculature of these species, viz., augmenting adrenergic transmission in rabbit kidney and inhibiting transmission in rat kidney. We now have examined the effect of PGE, and PGE,, indomethacin, an inhibitor of PG synthesis, 10 and arachidonic acid on the vasoconstrictor responses of the mesenteric arteries indomethacin inhibited tbe responses to both adrenergic stimuli. Arachidonic acid, a PG precursor, reduced tbe vasoconstrictor responses to sympathetic nerve stimulation and to injected norepinephrine in rabbit, whereas in rat, potentiation of tbe responses to adrenergic stimuli occurred. Since these effects of arachidonic acid were abolished by tbe simultaneous infusion of indometfaacin, they appear to be mediated through conversion of arachidonic acid to PG. We conclude that prostaglandins modulate adrenergic transmission ia mesenteric arteries and this effect 4s species dependent.
isolated perfused rabbit and rat mesenteric arteries to sympathetic nerve stimulation and to injected norepinephrine. It was our intention in this study to determine whether these agents modify adrenergic neurotransmission in the mesenteric vasculature in a similar fashion to their effect on the renal vasculature of these animal species.
Methods
Experiments were performed on albino rabbits of both sexes weighing 2-3 kg and female Wistar rats weighing 300-350 g. Rabbits were anesthetized with sodium pentobarbital (30 mg/kg, i.v.) and rats with ether. In a few experiments, rats were anesthetized with sodium pentobarbital (30 mg/kg) as will be described. In the rabbit, the abdomen was opened by a midlinc incision and the superior mesenteric artery of the rabbit was cannulated about 1.5-2 cm distal to the aorta. Following this procedure, the mesenteric artery was isolated with its small branches and cut along the border of the intestine. The superior mesenteric artery of the rat was cannulated and isolated with its small resistance vessels according to the method of McGregor." The isolated vessels were flushed with heparinized saline (100 U/ml) and immediately transferred to a thermostatically controlled plexiglass box where they were covered with cotton gauze moistened with Tyrode's solution. Both rabbit and rat mesenteric vessels were perfused at a constant rate of 20 ml/min using a Harvard peristaltic pump (model 1210). The fluid perfusing the mesenteric arteries flowed from the end separated from the intestine. Tyrode's solution of the following millimolar composition was used: NaCl, 137; KC1, 2.7; CaCI,, 1.8; MgCl,, 1.1; NaHCO,, 12; NaH,PO«, 0.42; and D(+)-glucose, 5.6. The pcrfusate was maintained at a temperature of 37°C and aerated with a 95% O, and 5% CO, mixture. Changes of perfusion pressure were measured with a mercury manometer and recorded on a kymograph equipped with an isotonic frontal writing lever. Before cannulation of the superior mesenteric artery, the pressure in the cannula was 60 mm Hg at a flow rate of 20 ml/min. During perfusion of the rabbit mesenteric vessels, the average pressure in the cannula was 85 mm Hg (range, 70-95 mm Hg), whereas in rat mesenteric vessels the average pressure was 80 mm Hg (range, 65-90 mm Hg).
A bipolar platinum electrode was placed on the periartenal nerve plexus about 2-3 mm distal to the cannula. The nerves were stimulated at 6 Hz using supramaximal biphasic rectangular pulses 1 msec in duration for 22 seconds at 4-minute intervals.
For each preparation at 4-minute intervals either the periarterial nerves were stimulated or norepinephrine was infused directly into the arterial cannula for 15-20 seconds with an infusion pump (Braun-Melsungen) using an auto- 
STATISTICAL ANALYSIS:
Paired f-tests were performed according to the methods described by Steel and Torrie."
Results

EFFECT OF PERIARTERIAL NERVE STIMULATION ON PERFUSION PRESSURE IN ISOLATED PERFUSED RABBIT AND RAT MESENTERIC ARTERIES AND MODIFICATION BY CHEMICAL SYMPATHECTOMY, ADRENERGIC NEURON, AND GANGLIONIC BLOCKING AGENTS
Isolated rabbit and rat mesenteric blood vessels perfused with Tyrode's solution maintained a steady basal perfusion pressure for periods of up to 4 hours. Stimulation of periarterial nerves or injections of norepinephrine directly into the arterial cannula constricted mesenteric vessels and raised the perfusion pressure. The vasoconstrictor responses of rabbit (three preparations) and rat mesenteric arteries (three preparations) to nerve stimulation, but not those to injected norepinephrine, were abolished after pretreatment of animals with 6-hydroxydopamine (50 mg/kg a day for 2 days). The latter drug is known to produce selective degeneration of adrenergic nerve terminals." In addition, the responses to nerve stimulation, but not those to injected norepinephrine, were blocked by the adrenergic neuron blocking agent, guanethidine, 1 * 0.5 Mg/ml (four experiments), whereas the vasoconstrictor responses to nerve stimulation were potentiated slightly and those to injected norepinephreine remained unaffected by the ganglionic blocking agent, hexamethonium," 100/ig/ml (three experiments). Thus, the periarterial nerves to rabbit and rat mesenteric vessels appear to be postganglionic adrenergic.
EFFECT OF PROSTAGLANDIN E, AND E, ON VASOCONSTRICTOR RESPONSES OF RABBIT AND RAT MESENTERIC ARTERIES TO PERIARTERIAL NERVE STIMULATION AND TO INJECTED NOREPINEPHRINE
Rabbit. Infusion of PGE,, 0.2 ng/ml, into the mesenteric arteries isolated from pentobarbital-anesthetized rabbits did + 120 ± 36t -82 ± IX
• P < 0.05.
not alter the basal pressure, but reduced the vasoconstrictor responses to sympathetic nerve stimulation in six preparations and augmented them in two. The responses to injected norepinephrine were reduced in four out of seven preparations. Prostaglandin E , , 0.2 ng/ml, also produced variable effects on the vasoconstrictor responses to nerve stimulation and to injected norepinephrine. Higher concentrations of PGE, and PGE, 1-5 ng/ml, which did not alter the basal perfusion pressure, reduced the vasoconstrictor responses to nerve stimulation; whereas the responses to injected norepinephrine were decreased by PGE, (Fig. 1) and variably affected by PGE, (Table 1) .
Rat. PGE, and PGE,, 0.2 ng/ml: which did not alter the basal pressure, potentiated the vasoconstrictor responses to nerve stimulation in five of 15 preparations and in six of nine preparations and to injected norepinephrine in 18 of 21 preparations and in eight of 10 preparations, respectively. Concentrations of 1 and 5 ng/ml invariably augmented the vasoconstrictor responses to nerve stimulation and to injected norepinephrine without altering the basal perfusion pressure ( Fig. 1 and Table 2 ). PGE, and PGE,, 1-5 ng/ml, produced similar effects in three mesenteric preparations isolated from rats anesthetized with pentobarbital. Augmentation of the vasoconstrictor responses to nerve stimulation was usually maintained for 10-20 minutes after termination of the infusion of either PGE, or PGE,. In four preparations the vasoconstrictor responses to nerve stimulation and to injected norepiflephrine were potentiated during infusion of cocaine, 1 /ig/ml, and were augmented by the simultaneous administration of either PGE, or PGE,, 5 ng/ml.
EFFECT OF INDOMETHACIN ON THE VASOCONSTRICTOR RESPONSES OF RABBIT AND RAT MESENTERIC ARTERIES TO NERVE STIMULATION AND TO INJECTED NOREPINEPHRINE
Rabbit. Infusion of indomethacin, an inhibitor of PG synthesis," 100 ng/ml, did not alter the basal pressure, but potentiated the vasoconstrictor responses of rabbit mesenteric arteries to nerve stimulation by 148% and to injected norepinephrine by 120% (Table 1) . Augmentation of the vasoconstrictor responses to these adrenergic stimuli lasted for 40-60 minutes after the termination of the infusion of indomethacin (Fig. 2) . The potentiating effect of indomethacin was abolished by the simultaneous infusion of either PGE, or PGE,, 5 ng/ml (three preparations). Responses to nerve stimulation (% change ± SEM) +5 ± 2 +38 ± 8t +68 ± 6t + 11 ± 4J + 29 ± 3t + 72 ± 7t -69 ± 4t + 27 ± 5* +42 ± 6f +94 ± 9t +23 ± 5* + 36 ± 6f +85 ± 13t -62 ± 7f + 13 ± 8 +83 ± 12f Rat. Indomethacin, 100 ng/ml, did not alter the basal perfusion pressure, nor did it change the vasoconstrictor responses to nerve stimulation or to injected norepinephrine of mesenteric arteries isolated under ether anesthesia. However, higher concentrations (1-5 Mg/ml) produced significant and comparable reductions in the vasoconstrictor responses to both adrenergic stimuli ( Fig. 2 and Table II) . This inhibitory effect of indomethacin on the vasoconstrictor responses to adrenergic stimuli was abolished by the simultaneous infusion of either PGE, or PGE,, 5 ng/ml (four preparations). Similar results were obtained in mesenteric arteries isolated from the pentobarbital-anesthetized rats (three preparations).
EFFECT OF ARACHIDONIC ACID ON THE VASOCONSTRICTOR RESPONSES OF PERFUSED RABBIT AND RAT MESENTERIC ARTERIES TO NERVE STIMULATION AND TO INJECTED NOREPINEPHRINE
Rabbit. Arachidonic acid, 25 ng/ml, a precursor of P G E , , " produced a significant reduction (P < 0.001) of the vasoconstrictor responses to nerve stimulation as well as to injected norepinephrine ( Fig. 3 and Table 1 ). Simultaneous infusion of indomethacin, 50 ng/ml, abolished the inhibitory effect of arachidonic acid on the vasoconstrictor responses of rabbit mesenteric arteries to adrenergic stimuli (six preparations) (Fig. 3) .
Rat. Infusion of arachidonic acid, 25 ng/ml, in rat mesenteric arteries did not alter the basal pressure, nor did it modify the vasoconstrictor responses to nerve stimulation and to injected norepinephrine. Arachidonic acid in concentrations of 100 ng/ml reduced the vasoconstrictor responses to nerve stimulation in five preparations and potentiated the responses in two; the vasoconstrictor responses to injected norepinephrine were potentiated in two of five preparations. The reduction in the vasoconstrictor responses to nerve stimulation produced by arachidonic acid, 100 ng/ml, was not altered by the simultaneous infusion of indomethacin, 5 jig/ml. Higher concentrations of arachidonic acid, 1 j/g/ml, significantly potentiated the vasoconstrictor responses to nerve stimulation as well as to injected norepinephrine (Table 2) which was abolished by the simultaneous infusion of indomethacin, 5 ug/m\ (five preparations) (Fig. 3) .
Discussion
The finding that PGE, and PGE, inhibit the adrenergically induced constriction of perfused rabbit mesenteric arteries is in agreement with our earlier observations on the renal vasculature of the rabbit. 1 The reduction of the vasoconstrictor responses of rabbit mesenteric arteries to nerve stimulation and to injected norepinephrine produced by PGE, presumably is due to a decrease in vascular reactivity to norepinephrine and to decreased release of the neurotransmitter from sympathetic nerves. Since the vasoconstrictor responses to injected norepinephrine were affected variably by PGE,, attenuation of the vasoconstrictor responses to nerve stimulation most likely was due to diminished release of the adrenergic transmitter. The ability of prostaglandins of the E series to inhibit release of the adrenergic transmitter evoked by nerve stimulation has been demonstrated in various tissues. 10 -"• 13 The present results and the ability of mesenteric arteries to synthesize prostaglandins in response to various vasoactive stimuli"-" raises the possibility that endogenous prostaglandins modify adrenergic neuroeffector events in this vascular bed. The hypothesis is supported by our demonstration that either facilitation or inhibition of adrenergic
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FIGURE 3 Effect of arachidonic acid (Arach) on the vasoconstrictor responses of perfused rabbit (upper panels) and rat (lower panels) mesenleric arteries to nerve stimulation (NS) (panel A) and to injected norepinephrine (NE) (panel B) and modification of its action by indomelhacin.
transmission in the rabbit mesenteric arteries can be achieved either by decreasing PG synthesis with indomethacin, 10 or by increasing PG synthesis with arachidonic acid," respectively, lndomethacin, an inhibitor of PG synthesis, potentiated the vasoconstrictor responses of rabbit mesenteric arteries to nerve stimulation and to injected norepinephrine. This effect of indomethacin is most likely due to diminished PG synthesis. This view is supported by the observation that exogenous PGE, or PGE, abolished the potentiating effect of indomethacin on the vasoconstrictor responses of rabbit mesenteric arteries to adrenergic stimuli. Similar results have been reported in the cat spleen 1 " and in the rabbit kidney. 1 A role of endogenous prostaglandins as modulators of adrenergic transmission in rabbit mesenteric arteries is supported further by our demonstration that a PG precursor, arachidonic acid," inhibited the vasoconstrictor responses to nerve stimulation and to injected norepinephrine. The inhibitory effect of arachidonic acid is most likely mediated through enhanced endogenous generation of prostaglandins of the E series since, it was abolished by the simultaneous infusion of indomethacin, the inhibitor of PG synthesis. These observations and the effect of exogenous prostaglandins support the hypothesis.. 10 -" that prostaglandins of the E series may function as a physiological braking mechanism for adrenergic transmission in the rabbit mesenteric arteries. A similar function of prostaglandins of the E series has been reported for the renal vasculature of this species.' Our finding, in the rat mesenteric arteries, however, as in the renal vasculature' of this species, indicates that the modulation by prostaglandins of the E series of adrenergic neuroeffector events is species-dependent. Thus, PGE, and PGE, in the rat mesenteric arteries augmented the vasoconstrictor responses to nerve stimulation and to injected norepinephrine. Augmentation of the vasoconstrictor responses to adrenergic stimuli produced either by PGE! or PGE, is unlikely to be due to inhibition of neuronal reuptake of norepinephrine, since the vasoconstrictor responses to nerve stimulation as well as to injected norepinephrine potentiated by cocaine were enhanced further by PGE, and PGE,. Since potentiation of the vasoconstrictor responses to nerve stimulation was usually maintained even after the termination of the infusion of either PGE, or PGE, (Figs. 1 and 2 ), it appears that enhanced release of the adrenergic transmitter contributes at least in part to the augmentation of vasoconstrictor responses to nerve stimulation. Facilitation of adrenergic transmission by prostaglandins of the E series also has been reported in other tissues innervated by adrenergic nerves such as canine hindpaw vasculature" and rat renal vasculature.' The ability of endogenous prostaglandins to modulate adrenergic transmission in rat mesenteric arteries was suggested by the observation that indomethacin, an inhibitor of PG synthesis, 10 reduced the vasoconstrictor responses to nerve stimulation as well as to injected norepinephrine. Furthermore, this reduction was antagonized by the simultaneous infusion of PGE,. Similar effects on the constrictor responses of rat mesenteric arteries to injected norepinephrine have been reported for aspirin, another inhibitor of PG synthesis." These studies, however, do not exclude the possible direct effect of indomethacin and aspirin on the adrenergic neuroeffector junction unrelated to inhibition of endogenous PG synthesis in rat mesenteric arteries. A role of endogenously generated prostaglandins in modulating adrenergic transmission in the rat mesenteric arteries also was suggested by the potentiating effect of the precursor of PGE,, arachidonic acid, 1 ' on the vasoconstrictor responses to nerve stimulation and to injected norepinephrine. Since this facilitatory effect of arachidonic acid was abolished by indomethacin, these findings are consistent with the hypothesis that the action of arachidonic acid on the adrenergic neuromuscular junction is at least in part mediated by its conversion to PGE, in the mesenteric arteries.
The results of this study support the proposal that prostaglandins of the E series function as physiological modulators of adrenergic neuroeffector events in the rabbit and rat mesenteric arteries. However, the modulatory effect of prostaglandins on the adrenergic neuroeffector junction in mesenteric vasculature as in the renal vasculature, is species-dependent. In rabbit mesenteric arteries PGE, and PGE, inhibited adrenergically induced constriction, whereas in rat mesenteric arteries augmentation of the vasoconstrictor responses to nerve stimulation as well as to injected norepinephrine occurred. The fact that exogenous as well as endogenous prostaglandins of the E series produced opposite effects in rabbit and rat mesenteric arteries remains unexplained and suggests major differences in the nature of the PG receptor and/or the events resulting from PG-receptor interaction in these species. In this paper we are reporting more detailed information
